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Abstract: This study sought to apply the concepts of inquiry-based learning by 
increasing the number of laboratory experiments conducted in two science classes, and to 
identify the challenges of this instruction for students with special needs. Results showed 
that the grades achieved through lab write-ups greatly improved grades overall.  
 
 The National Science Education Standards (1996) describes inquiry-based instruction as 
a way to involve students in a form of active learning that emphasizes questioning, data analysis, 
and critical thinking. This teaching practice encourages students to learn inductively and has a 
firmly established place in pedagogical tradition (Colburn, 2004). For example, theorists Johann 
Heinrich Pestalozzi and Herbert Spencer have championed student learning through concrete 
experiences and observations rather than rote memorization. Students at all grade levels, in every 
domain of science education, should be afforded the opportunity to use scientific inquiry to 
develop the ability to think and act in ways that are associated with inquiry (Bell, Smetana, & 
Binns, 2005). A convenient way to accomplish this goal in middle school classrooms is to 
enhance the inquiry aspects of activities that are already incorporated into the curriculum 
(Godbey, Barnett, & Webster, 2005).  
 Teachers are challenged to effectively use inquiry-based learning strategies to motivate 
and teach students, particularly those in a special education curriculum. When properly 
introduced, inquiry-based activities increase student interest and motivation. The student 
becomes a fellow investigator, with motivation shifting from an extrinsic desire for a higher 
grade to an intrinsic one for satiating a curiosity of nature (Baker, Lang, & Lawson, 2002).  
Area of Focus 
Students demonstrate significant learning gains through inquiry based learning (Palincsar, 
Magnusson, & Collins, 2001). Students with special needs and students with low abilities 
showed changes in understanding comparable to those of general education. For students to 
achieve success in the classroom, it is imperative that they understand concepts presented to 
them. Therefore, when students are unmotivated and fail to complete the lab write-up assignment 
because of lack of conceptual understanding, they can fall behind and miss important science 
skills that form a foundation to other needed skills, especially in science.  
Although most teachers claim inquiry based teaching, with its emphasis on creative and 
critical thinking, is an effective teaching strategy, they have concerns. Most teachers argue they 
do not have enough time or the energy to provide their students with this style of learning 
(Maroney, Finson, & Beaver, 2003). Another concern is the lack of resources most schools 
encounter. Since an inquiry-based teaching strategy, such as science laboratory, relies on 
extremely costly supplies and equipment 40% of all science classes are taught in classrooms not 
designed for laboratory use (Hendrickson, 2006).  
The purpose of this study was to identify the challenges that inquiry-based science 
instruction presents to students with special needs. The study was developed to answer the 
following questions: (a) What are the challenges that inquiry-based science instruction presents 
 130
to students with special needs in an inclusive setting? and (b) How do students with special needs 
respond to inquiry-based learning strategies?  
Method 
Participants 
A total of 49 students from two eighth-grade science classes at a middle school, located 
in Miami, Florida, participated in this study. One class is an inclusion classroom with 15 out of 
24 students in special education; the other is a general education class with 25 students. The 
ethnic backgrounds of the students who attend this middle school is mostly Hispanic (88.6%), 
and the rest a mix of Caucasian (6.1%), Asian (3%), and African American (2.3%).   
Parents of the students were also asked to participate; 57 parents participated. Teachers in 
the science department were also asked to participate; 11 teachers participated. 
Instruments 
Quantitative data were collected as the primary research method for this study. Student 
grades for tests and laboratory (LAB) write-ups were the main source of data. These scores, 
which followed standard grade point average scores (A=4, B=3, C=2, D=1, F=0), were averaged 
per student and then per test or lab. Mean test scores allowed for comparison of pre- and post-
laboratory tests, as well as quarterly tests that were given.  
Procedures 
At the start of the 2006-2007 school year, students from both classes, the inclusion and 
general education, were required to take a pre-test, monthly exam, and post-test for each of the 
three nine-week grading periods. The general education class took an additional quiz during each 
grading period (but the results were not included in the data analysis). During the three nine-
week grading periods, both classes were required to participate in weekly laboratories and submit 
lab write-ups to receive a grade. Laboratories correlated with the content taught in the class, 
which was then covered on the exams and quizzes. At the end of the second nine-weeks of the 
school year, students were given a midterm exam, covering all content learned up to that point. 
Toward the end of the third nine weeks, the public school system required that teachers begin 
preparing the students for taking the Florida Comprehensive Achievement Test (FCAT). An 
FCAT preparation exam was given at the end of the third grading period as the second quarterly 
exam. This was followed by an FCAT mock exam, which was included in the data.  
At the start of the study, all possible participants were provided with a packet that 
included teacher surveys, parental permission forms, parent surveys, and student surveys. 
Students were asked to complete a self-assessment survey to determine how much time they 
spent on school work as well as their feelings about their science class. Parents of the students 
were asked to complete a survey to gain insight into their involvement as it applies to homework 
assignments 
Data Analysis and Results 
Surveys 
Analysis was done of the teacher, parent, and student surveys. The result of the student 
data revealed that every student surveyed agreed that science is fun, with 76% responding that 
the best thing about science class is doing lab experiments. Although the majority, 76%, felt that 
the lab experiments were the best part of science, 47% felt the hardest part of science was 
completing the lab write-ups that correlated with the experiments. The majority, 97%, of the 
students had access to a computer outside of the school; however, 40% of these students stated 
that they used the computer one hour or less per week for school work.  
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Analysis of the parent data showed 70% of parents surveyed were satisfied with the 
science education their child had received in the past, yet 87% of parents felt that their child 
would benefit greatly from an increase in the number of laboratories done in the science class. 
However, just 63% answered that they would change nothing about the way science classes were 
run. When asked how many hours per week parents helped their child with their homework, 32% 
spent only one hour per week helping their child and 34% felt that their child needed no help at 
all.  
A minority of the teachers, 45%, responded that they engaged their students in labs at 
least once a week. All teachers surveyed said they monitor their students’ conceptual 
understanding of content taught at all times during science class, yet 9% responded that inquiry- 
based learning in the science classroom has not helped their students at all.  
Pre-Lab and Post-Lab Tests  
Data were analyzed by comparing the performance of the two classes on the various tests, 
both teacher-made, school-wide and the Mock FCAT tests (Figure A). Also included in data 
analysis were laboratory report grades (Figure B). Student performance was well documented 
throughout the year. The first pre-lab test for the school year was a laboratory safety test, 
covering knowledge the students had gained prior to entering the 2006-2007 school year. This 
was a multiple-choice test, created by the teacher, which questioned the students on various 
laboratory safety procedures and precautions. Out of the 24 students in the inclusion class, 19 
took the test. The average grade for this first test was a 3.2, with a mode of 3. For the general 
education science class, out of the 25 students, 22 took the test. The average grade for this first 
test was a 3, with a mode of 4. On average, the two classes performed about the same (3=B grade 
point average), with more variability in the general education science class toward the higher 
scores (4=A grade point average). The average performance for the post-lab test for the inclusion 
class was 2.1 and for the general education class, a 2.2. The average performance for the second 
pre-lab tests was 3.4 for the inclusion class as well as for the general education class. The 
average grade for the second post-lab tests for the inclusion class was a 2.7 and a 2.6 for the 
general education class. For the final pre-lab test, the inclusion class averaged a grade of 0.7 and 
the general education averaged a grade of 1.8. This test was given to the students upon their 
return to school after a two-week winter break, when teachers report most students go down in 
performance and test grades. The average grade for the final post-lab test increased to a 2.2 from 
the inclusion class and a 3.2 from the general education class.  
School-Wide Tests 
Also administered to the students were school-wide science exams, both monthly and 
quarterly. On the first monthly exam, the inclusion class received an average of 1.9 while the 
general education class received an average of 2.1. The average performance for the second 
monthly exam was higher for both the inclusion class and the general education class when 
compared to the prior monthly exam, with the averages being a 3.6 and 3.9, respectively. The 
quarterly exams were given two times during the first three marking periods. The inclusion class 
average performance for the first quarterly exam was a 0.7 and for the second quarterly a 1.4. 
The general education class averaged a 2.5 grade on the first quarterly and a 2.4 grade on the 
second (Figure C).  
FCAT Mock Exam 
The last exam given during the third nine weeks of the school year was the FCAT mock. 
Though only a practice exam, teachers hoped that the students would take it as seriously as they 
would the actual exam. The students in the inclusion class received an average grade of 1.5. Of 
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the eleven students who took this exam, five received a grade of 0 while another five received a 
grade of 2. The students in the general education class received an average grade of 2.7. Twenty-
four students took this mock exam, with three receiving a grade of 0. The mode for both classes 
was 3.  
Discussion 
The general science education teacher, along with the special education teacher, decided 
the most effective teaching strategy was to incorporate inquiry-based instruction into the lab 
activities to improve student learning. The strategies that were implemented included the use of 
hands-on lab experiments through the use of an inquiry-based learning approach. Students with 
special needs were exposed to opportunities of collaborative learning and peer tutoring.  
Although it was the intention of the researchers to have test scores improve with an 
increased number of laboratory experiments completed in the classroom, this was not always the 
case. However, students in both classes did achieve higher lab grades. By scoring high grades for 
the lab write-ups, students were able to increase their overall grades. Students in the general 
education class, when comparing averaged overall grades, did better than their peers in the 
inclusion class. The lowest overall grade for period 4 (the general education class) was a 2.1 and 
the highest achieved was 3.6 (Figure D). Period 3 (the inclusion class) achieved a 1.5 and the 
highest achievement was 3.1 (Figure E). This is a difference of 0.6 and 0.5 points for period 4 
and 3 respectively. Analysis of data showed significant improvement in student test grades in 
both inclusion and general education classes did not occur until the third nine weeks of the 
school year. Student lab grades, however, were high, which helped students achieve higher 
grades than would have been earned if relying on test scores alone.  
A review of the results of this study prompted additional action, including continuing an 
inquiry-based science curriculum in both general education and inclusion settings. Additionally, 
the continuous communication among teachers within the science department is included for the 
further planning and implementation of the inquiry-based learning approach in all science 
classes. The teachers will now meet once a week to develop inquiry-based lesson plans and 
departmentalized testing.  
 Factors that impacted the results of the study during the school year included (a) students 
missing class on a regular basis, (b) the lack of resource materials accessible to students outside 
of school, (c) the number of parents feeling that their child does not need their help with school 
work, (d) inability of students with disabilities to keep up with the increased amount of work in 
the classroom, (e) inability to follow lab instructions, and (f) negative feelings toward 
collaborative working lab groups. Any one of these variables or a combination of them can 
influence how a student learns in the science classroom, either negatively or positively 
influencing their overall grades.  
Future Plan 
  Following data analysis, the general education teacher has decided to continue including 
inquiry-based learning in her classrooms. Despite the fact that test averages varied throughout 
the school year, an increased number of laboratory experiments conducted in the science 
classroom had a positive impact on student understanding of the content taught. The goal of the 
general education teacher is to increase the number of laboratory experiments the students will 
be able to complete during the upcoming school years. This depends greatly on funding available 
for the additional equipment and resources that would be needed. Also, time management may 
be an issue when trying to incorporate additional lab experiments into the schedule.  
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Final Thoughts 
The purpose of this action research was to examine the impact of inquiry-based learning 
on the general science knowledge of middle school students with special needs. Learning should 
never be considered a tedious task; rather, it should be filled with fun, so it follows a person 
through his/her life. Students should be engaged in hands-on exploration, allowing them to 
analyze, question, and defend their findings on their own, bringing learning to a new level. 
Inquiry-based teaching lifts the external constraints and opens the door for students to be 
spontaneous and have moments of insight (Kliene, Browne, & Harte, 2002). Academically, 
unsuccessful students become increasingly motivated and participate more in inquiry-based 
lessons. As with anything new, inquiry-based strategies can present challenges when first 
introduced into a classroom. Moving forward, with time and patience, a teacher can bring the 
classroom to a student-led inquiry-based teaching environment with few problems (Johnson, 
2006).  
 Inquiry-based learning changes student learning in positive ways. However, this may not 
always be the situation, as seen with the students in this study. There are many challenges that 
students with special needs learning in inclusive classrooms may face, which include, but are not 
limited to; inability to keep up with extra work; inability to follow lab instruction, leading to lack 
of lab write-ups; lack of motivation; and lack of understanding. These challenges may also 
extend to general education students as well.  
 Although the participating students in this research study achieved average test grades 
that varied throughout the three nine-week grading periods, their lab grades were, for the most 
part, high. This helped to increase the overall grade the students received at the end of each 
grading period. Although it was the expectations of the researcher that an increase in the number 
of lab experiments conducted in class would correlate with higher test grades, this was the first 
year students completed a large number of experiments. By the third nine weeks, students 
managed to improve the post-test scores in both classes. It may take students a while to get used 
to the increase in labs done in the science classroom, especially if they come from a class in 
which few to no labs were completed the prior year. As the years progress, one can hope that 
students will be influenced positively by inquiry-based learning and that all science classes, 
general and special education alike, will include multiple lab experiments to provide their 
students with hands-on learning that will increase their love for science.  
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Figure A. Average Pre-Laboratory & Post-Laboratory Exam Grades  
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Figure B. Average Laboratory Grades 
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Figure C. Period 3 Average Exam Grades 
Student 
Pre 
1 
1st 
Mo.  
Post 
1 
Pre 
2 
2nd 
Mo. 
Post 
2 
1st 
Qtr. 
Pre 
3 
3rd 
Mo.
Post 
3 
2nd 
Qtr. FCAT  Avg.  
A  3 2 3 4   3 1 2 3 2 3 0 2.1
B               0 2 3 2   1.7
C           1 0 0   1 0   0.2
D  0 2 0   4 0 0     0 1   0.5
E 4 0 0   4 3 1 0   3 0   1.6
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F 4 3 2 3 4 3 2     4 3   2.3
G  3 2 2 4 4 2 0 0   0 1   1.8
H  3 4 2 4 4 4 1 0 1 4 2 3 2.6
I 4 2 1   3 0 0 0 2 1 0   1.1
J   2 4 4 4 3 0 1   4 0 0 1.8
K 3 2 1 3 4 3 0 0 2 3 2 0 1.9
L 3 2 2 4 4 4 0 2 1 4 0 3 2.4
M 3 3 2   0 4 0 1   1 2 3 1.5
N 3 1 0   4 2 0   2 3 0   1.1
O 4 1 2 3 1 3 0     3 3 0 1.6
P       4 4 3 2 0 0 0 0   1.6
Q 3 4 3 3 4 3 2 2 2 4   0 2.5
R  3 2 3 3 4 4 2 2 3 0 2 3 2.4
S  3 3 4 3 4 3 1 0 1 4 2 2 2.4
T  4 3 3 4 4 4 2 0   4 3 3 2.8
U 3 0 0 3 4 0 0 0 0 0     0.8
V  4 0 4 2 4 4 2 1   0 3   2.1
W         4 4 1 3 1 4     2
X  4 1 4   4 3 1 1     2   1.6
Mean 3.2 1.9 2.1 3.4 3.6 2.7 0.7 0.7 1.5 2.2 1.4 1.5   
 
Period 4 Average Exam Grades 
 
Pre 
1 
Q 
1 
1st 
Mo. 
Post 
1 
Pre 
2 
Q. 
2 
2nd 
Mo. 
Post 
2 
1st 
Qtr
Pre 
3 
Q. 
3 
Post 
3 
2nd 
Qtr. 
FC
AT Avg. 
AA 4 4 2 4 4 4 4 1 2 2 3 2 2 3 2.9
BB   4 0 3 3 4 4 3 4 4   4 2 3 3.1
CC   4 2 3 4 4 4 3 2 0 1 4 2 4 2.8
DD 4 4 3 0 4 4 4 2 3 1 4 3 3 4 3
EE 4 4 3 3 4 4 4 3 4 3 3 4 3 2 3.4
FF 2 4 2 1 3 4 4 3 3 2 3 3 3 3 2.8
GG 3 0 2 3 2 4 4 0 1 2 0 2 1 2 1.8
HH 4 2 4 3 4 4 4 3 3 1 3 4 4 3 3.2
II 4 2 1 0 2 4 4 4 4 3 4 3 1 3 2.7
JJ 4 4 4 2 4 4 4 4 2 2 3 4 3 3 3.3
KK 4 4 3 4 4 4 3 3 3 1 3 2 1 0 2.7
LL 4 4 1 2 4 4 4 4 3 3 4 4 3 1 3.2
MM 1 2 3 1 4 4 3 3 0     3 2 3 2.4
NN 4 4 2 0 4 4 4 4 3 3 4 4 3 4 3.3
OO 3 4 1 1 4 4 4 2 2 0 3 4 4 3 2.7
PP 4 2 2 1 4 4 4 4 3 3 4 3 2 0 2.8
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QQ   2 0 2 4 4 4 1 3 0 4 3 3 4 2.6
RR 4 3 1 4 3 4 4 3 2 2 3 3 2 3 2.9
SS 2 4 4 3 4 4 4 1 1 3 3 4 2 2 2.9
TT 4 2 3 3 4 4 4 3 3 2 3 3 4 4 3.2
UU 3 4 4 4 4 4 4 3 3 3 3 4 1 4 3.4
VV 0 4 4 2 4 4 4 3 4   4 3 3 3 3.2
WW 0 0 1 2 0 4 4 2 0 1 0 2   0 1.2
XX 3 2 1 2 2 2 4 2 4 2 3 2 2 4 2.5
YY 1 4 1 2 4 4 4 1 1 0 3 3 3   2.3
Mean 3 3 2.1 2.2 3 3.9 3.9 2.6 2.5 1.8 2.9 3.2 2.4 2.7 2.8
 
Figure D. Period 4 Average Exam and Laboratory Grades   
 
Student Average Exam Grade Average Lab Grade Overall Grade 
AA 2.9 3.4 3.1 
BB 3.1 3.5 3.3 
CC 2.8 3.5 3 
DD 3 3.2 2.9 
EE 3.4 3.7 3.5 
FF 2.8 3.7 3.2 
GG 1.8 3.2 2.4 
HH 3.2 3.4 3.3 
II 2.7 2.8 2.7 
JJ 3.3 3.9 3.6 
KK 2.7 3.7 3.1 
LL 3.2 3.5 3.3 
MM 2.4 3.3 2.8 
NN 3.3 3.7 3.5 
OO 2.7 3.3 3 
PP 2.8 3.1 2.9 
QQ 2.6 3.5 3 
RR 2.9 3.6 3.2 
SS 2.9 3.7 3.3 
TT 3.2 3.5 3.2 
UU 3.4 3.6 3.5 
VV 3.2 2.8 2.9 
WW 1.2 3.6 2.2 
XX 2.5 2.8 2.1 
YY 2.3 3.3 2.6 
 
Figure E. Period 3 Average Exam and Laboratory Grades 
 
 
Student Average Test Grade Average Lab Grade Overall Grade 
A  2.1 3.3 2.7 
B 1.7 3.2 2.4 
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C 0.2 2.8 1.5 
D  0.5 3 1.7 
E 1.6 3.1 2.3 
F 2.3 3.2 2.7 
G  1.8 3.3 2.5 
H  2.6 3.3 2.9 
I 1.1 3 2 
J 1.8 3.2 2.5 
K 1.9 3.2 2.5 
L 2.4 3.2 2.8 
M 1.5 2.9 2.2 
N 1.1 2.8 1.9 
O 1.6 3 2.3 
P 1.6 3 2.3 
Q 2.5 3.7 3.1 
R  2.4 3.1 2.7 
S  2.4 3.1 2.7 
T  2.8 3.4 3.1 
U 0.8 2.7 1.7 
V  2.1 2.7 2.4 
W 2 3.8 2.9 
 
